A two-step procedure is described in which analytical disc gel electrophoresis in polyacrylamide is used to demonstrate oligoclonal bands of immunoglobulin G in cerebrospinal fluid. The principal advantage of the procedure is that unconcentrated samples of cerebrospinal fluid as small as 200 fiL can be assayed. The results obtained in samples from 100 patients with various neurologic diseases show that the procedure is sensitive and specific for multiple sclerosis.
A two-step procedure is described in which analytical disc gel electrophoresis in polyacrylamide is used to demonstrate oligoclonal bands of immunoglobulin G in cerebrospinal fluid. The principal advantage of the procedure is that unconcentrated samples of cerebrospinal fluid as small as 200 fiL can be assayed. The results obtained in samples from 100 patients with various neurologic diseases show that the procedure is sensitive and specific for multiple sclerosis. " is now an accepted laboratory aid in the diagnosis of multiple sclerosis. 813 Of the various assay methods available, agarose gel electrophoresis and isoelectric focusing have received the most attention. Electrophoresis of cerebrospinal fluid in cylindrical gels of polyacrylamide 45 is a technic with sensitivity and specificity comparable to the more widely used assay methods, 315 and it offers the advantage that prior concentration of the cerebrospinal fluid is not required. The method suffers from the disadvantage that haptoglobin polymers and oligoclonal bands of IgG migrate to similar regions in the gel, which may lead to difficulty in the interpretation of results. 23 ' 4 We have developed a two-step procedure in which haptoglobin polymers are removed from the cerebrospinal fluid sample prior to electrophoresis in polyacrylamide gels. In the present paper, we report the results obtained using this procedure to assay 100 samples of cerebrospinal fluid.
Materials and Methods
The final conditions of ion exchange chromatography used to remove haptoglobin polymers from a cerebrospinal fluid sample were as follows: a column of DEAE-Sephadex A-50 (Pharmacia Fine Chemicals, Uppsala, Sweden) was prepared within a disposable polypropylene pipette tip (Lancer, St. Louis, MO; product No. HRI 8889-220003) . Sephadex G-25, coarse, (Pharmacia) was swollen in 50 mmol/L Tris-HCl buffer, pH 8, containing 100 mmol/L NaCl and was added to the pipette tip to a height of 15 mm. DEAE-Sephadex A-50, swollen in the same buffer, was added to the column to give a final bed volume of 160 ^L, exclusive of the Sephadex G-25. The column was washed with several milliliters of the buffer and then 200 nL of cerebrospinal fluid was applied. The eluate was collected and was combined with the eluate from a subsequent 100-^iL wash with 50 mmol/L Tris-HCl buffer, pH 8, that contained 150 mmol/L NaCl. The combined eluate was then subjected to analytical disc gel electrophoresis on polyacrylamide gels.
The electrophoretic conditions for the separation and identification of the oligoclonal bands are described in detail elsewhere.
3 In brief, gels 12.5 cm long were cast in glass tubes (140 X 6 mm internal diameter). Twenty microliters of 10% (w/v) sucrose solution was added to the combined eluate (total volume, 350-450 pL), which was then layered onto the top of the gel. Electrophoresis was conducted at 4 mA/gel until the marker dye (bromphenol blue) was 0.5 cm from the bottom of the tube. The gels were removed, fixed with a sulfosalicylic acidtrichloroacetic acid solution, stained with Coomassie brilliant blue, and destained with a weak solution of acetic acid.
To establish the final conditions of ion exchange column chromatography, under which a separation of IgG and haptoglobin polymers could be achieved, a sample of cerebrospinal fluid was used that was known to contain both polyclonal IgG and haptoglobin polymers. Column chromatography was performed as described above, except that after application of the sample, the column was washed successively with 100-/iL aliquots of the eluent buffer (50 mmol/L Tris-HCl, pR 8) that contained increasing concentrations of NaCl, and the eluate from each wash was collected separately. Proteins in each eluate were assessed after electrophoresis and staining as described. All specimens of cerebrospinal fluid were obtained from patients with neurologic complaints. In each instance, the attending physician was questioned concerning the likelihood of multiple sclerosis in his patient. Usually, this information was obtained before the clinician was aware of the assay result.
Results and Discussion
Under the final conditions chosen for the ion exchange chromatography (100-150 mmol/L NaCl eluent), the cerebrospinal fluid IgG passed unretarded through the column, whereas all detectable haptoglobin polymers were retained (Table 1 ). In other experiments using samples of cerebrospinal fluid known to contain oligoclonal bands, it was shown that the bands also passed unretarded through the column under the final conditions of chromatography. Typical results are depicted in Figure 1 .
The results obtained when the procedure was applied to cerebrospinal fluid samples from 100 patients are given in Table 2 . Oligoclonal bands were demonstrated in 12 of 13 patients with definite multiple sclerosis. It is well-recognized that there is a substantial, although small, group of patients with clinically definite multiple sclerosis in whom oligoclonal bands cannot be demonstrated in the cerebrospinal fluid. It has been suggested 12 that such patients may follow a more benign course than those in whom oligoclonal bands are observed. Cerebrospinal fluid samples were received from a number of sources. Therefore, it was not possible to apply a rigorous classification scheme for the diagnosis of multiple sclerosis to the patients in this study. The application of such a scheme to our patients most likely would change the diagnosis in those individuals in
Results of polyacrylamide disc gel electrophoresis of cerebrospinal fluid from a patient with definite multiple sclerosis (right) and from a patient in whom multiple sclerosis was not present {left). Before electrophoresis, the cerebrospinal fluid samples were subjected to ion exchange chromatography as described in the Methods section of the text. The arrows point to oligoclonal bands. Most samples submitted for assay were obtained from patients in whom multiple sclerosis was thought not to be present. In only one of these cases, a patient with hysterical paraplegia, was an oligoclonal band observed. A possible relationship between hysteria and multiple sclerosis has been noted. ' It is with those patients in whom the clinical diagnosis of multiple sclerosis is uncertain that the assay may be of greatest potential value. Long-term follow-up of patients with possible and probable multiple sclerosis may
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A.J.C.P.-January 1983 help to clarify the meaning of the positive and negative assay results that were obtained. The principal advantage of analytical disc gel electrophoresis on polyacrylamide gels as a method of demonstrating oligoclonal bands of IgG in cerebrospinal fluid is that unconcentrated samples as small as 200 nL can be assayed. The two-step method described in this paper exhibits sensitivity and specificity for multiple sclerosis comparable to the levels reported for electrophoresis in agarose and isoelectric focusing 6710 and also compares favorably to these other procedures with regard to the degree of difficulty and the time required.
